This presentation addresses the problems of realizing human-friendly man-machine interaction in service robotic environment with emphasis on learning capability. After briefly reviewing the issues of human-robot interaction and various learning techniques from engineering point of view, we report our experiences in case studies where some learning techniques are successfully implemented in service robotic environment and discuss open issues of learning systems such as adaptivity and life-long learning capability.
Introduction
The way of interaction between human beings and machines becomes a more significant aspect in the design of intelligent service robotic systems [1] . However, it is usually difficult to model and handle such interaction due to variability of the user's behavior and uncertainty of the environment. As an engineering approach, we propose a design based on the idea that the acquired information in interaction should be incorporated into the system to reduce the user's cognitive load during operation and enhance machine intelligence of the system. Early attempts to achieve such a given goal have been to build fully preprogrammed systems with a predefined set of tasks under structured environments. These activities typically have limitation on expansion of available tasks and difficulty in handling time-varying environment with incomplete prior knowledge. We think that these problems can be solved by capability of 'self-improvement' adopting various learning techniques.
Human-Robot Interaction in Service Robotic Environment
Bio-signal acquisition and its use are essential in human-friendly human-robot interaction to recognize human intention and to understand human's physical status and behavior. However, the success rate of most human bio-signal recognition usually decreases due to its time-varying and user-dependent characteristics. To resolve this problem, continual adaptation of the system can be a solution using accumulated knowledge for a long period of time. Thus, the learning capability of the control system becomes of major concern in service robotic environment.
Learning Techniques for Service Robotic Environment
Learning is a broad concept which refers to the action of a system to adapt and change its behavior based on input/output observations. When a system improves its performance at a given task over time without reprogramming, it can be said to have learned something. In some sense, learning can be considered as a bridge between knowledge and experience. That is, knowledge is obtained and modified by the repetitive experiences/observations using various learning algorithms. For example, reinforcement learning updates its policy by actionreward pairs, and an iterative learning method generates the desired control input by repetitive trials of control action and observation of actual output [2] . In order to achieve a certain level of required performance, a designer has to decide a proper method of knowledge representation and learning mechanism depending on target tasks and goals For service robotic environment where various forms of human-robot interaction take place, we have found that the soft computing techniques, such as fuzzy logic, neural network, rough set theory, hidden Markov model, etc., and their hybrid approaches are very useful to conduct learning of the system. We shall show, in particular, the benefits of various forms of FNN (Fuzzy Neural Network) as a powerful learning mechanism.
Case Studies
In many applications in the field of pattern recognition, the soft computing techniques have been successfully applied in the sense of short-term learning. However, we now also need to focus on the concept of life-long learning which emphasizes adaptivity of the system (and utilizes accumulated knowledge) continuously during the learning process by repeating inductive and deductive learning processes. As case studies, we shall show (1) adaptation capability of FNN hybridized with other learning skill for a facial expression recognition system [3] , and (2) lifelong learning capability in a fuzzy knowledge discovery system for service robots [4] .
Concluding Remarks
We think that a system with learning capability is essential to implement service robotic environment such as an intelligent residential space where old/disabled people can live independently. Also, life-long learning with adaptation enables the system to learn user-dependent characteristics and deal with time-varying features of human-beings effectively.
